UV/TiO2photocatalytic experiments on the filtrated water are conducted in S waterworks which take Yangtze River as its source water in Nanjing. Self-made glass supported nano-TiO2 film and photocatalytic reactor are used for the experiment. Results show that: the supported TiO2 thin film has a good removal effect on trace organic pollutants in drinking water, TOC removal efficiency can reached 45% -63% within 2h-3h, this can greatly improved the chemical safety of drinking water. Organic matter removal efficiency is positively related with the • OH generated in photocatalytic process. The main influencing factors are as follows (from important to unimportant): light intensity> DO> reaction time > pH. Removal efficiency of UV254 is much higher than TOC removal efficiency during photocatalytic process. Changes of UV absorbance per unit of TOC (namely SUVA) values in photocatalytic process indicate that the saturation of organic matter increase significantly, this is conductive to controlling of the risk taken by disinfection by-products and can improve chemical safety of drinking water. Results have proved that UV/TiO2photocatalytic is a promising technology for the removal of organic micro-pollution in drinking water.
Introduction
In recent years, the chemical safety of drinking water caused by organic pollutants in water has increasingly become one of the main problems. Sanitary Standards for Drinking Water (GB5749-2006) set higher quality standard for urban water quality. Facing the deteriorating source water quality, conventional water treatment process cannot fully meet the new standards [1] . All the domestic and foreign research and production practice indicate that the conventional coagulation, sedimentation and filtration processe can only remove 20% -30% organic matters from water. How to strengthen the traditional treatment process and develop new drinking water treatment process to control organic pollutants has become an urgent problem.
At present, advanced oxidation technology of UV/TiO 2 photocatalytic oxidation is gradually receiving more and more attention in drinking water treatment. In 1972, Fujishima and Honda reported that the radiation of TiO 2 can induce sustainable oxidation reduction reaction of water in the photocell and generate hydrogen [2] . Since then, scholars have conducted much researches on the removal effect of photocatalysis on the priority pollutants [3] , humus [4, 5] and algal toxins [6] etc. in water, all the research achieved good results, Moreover, some scholars further studied the photocatalytic oxidation kinetics of organic matter [7] . However, there still lack systemic research on the removal efficiency of UV/TiO 2 on the organic compounds in drinking water and its influencing factors.
Materials and methods

Raw water quality
Experimental raw water is taken from the double valve filter in S waterworks which take Yangtze River as source water in Nanjing. The filtered water quality during the experimental period is shown in Table 1 . 
2) Experimental Methods
(1) Regard TOC as Characterization index, study the removal efficiency of UV/TiO 2 photocatalysis on trace organic matters in filtered water, make correlation analysis between TOC removal efficiency and the amount of • OH generated. In addition, analyze the influence of UV light intensity, reaction time, pH, dissolved oxygen through the L 9 ( 3 4 ) orthogonal experiments. (2) Conduct the photocatalytic experiment under the optimal conditions determined by the above orthogonal experiment, study the transformation of organic matter in photocatalytic process through comparison of spectral scanning characteristics of water sample before and after photocatalysis as well as the changes of SUVA.
Determination of water quality index
The determination of all the conventional water quality indicated in Table 1 use the national standard method [8] ; the determination of UV intensity use the UV-B dual-channel ultraviolet irradiation designed by Beijing Normal University; TOC is determined by analytikjena AG Multi N/C2100 TOC analyzer; DO is determined by the Shanghai Leici JPB-607 type magnetic dissolved oxygen instrument; absorption spectrum scanning analysis use general T6 new century UV/Vis spectrophotometer.
The determination of • OH uses the photometry method which use the salicylic acid as molecular probes capture [9] . Specific methods are: prepare 150mg/L salicylic acid, place it in the photocatalytic reaction system, and determine the production of hydroxylation-2, 3-dihydroxy benzoic acid under different reaction conditions by the adsorption under 510nm.
Results and discussion
Removal efficiency of UV/TiO2 photocatalysis of organic matter in water
The content of organic matter in raw water of S waterworks is relatively low and most of the organic matters are dissolved organic matters. The DOC content is 2.86mg / L and accounting for 82.52% of TOC. After coagulation, sedimentation, and filtration, DOC content can be reduced to 2.14mg / L and the corresponding removal rate is 25%, it can be seen that the removal effect of organic matter by conventional process is limited.
Under the light intensity of 0.25mw/cm 2 , static photocatalytic experiments are conducted through selfmade photocatalytic reactor, the results of TOC and • OH are shown in Figure 2 .
It can be seen that the TOC content in the filtered water has declined from 2.284mg/L to 1.255mg/L within 180min, and the corresponding removal efficiency is 45.05%. The content of 2, 3-dihydroxy benzoic acid generated under the reaction conditions is 0.647mmol/L. Supposing that a • OH attacks a salicylic acid molecule and generate a 2, 3 -dihydroxy benzoic acid molecule, so the captured ·OH is 0.647mmol/L. The removal efficiency of photocatalysis on organic matter in filtered water is significantly proportionate to the amount of • OH generated, results fully indicate that • OH is the main active substance leading to the mineralization of organic matter, thus, optimizing of reaction system to maximum the formation of • OH is the key point to improve removal efficiency.
T=22
DO=5.34 pH=6.85 The range R in table 2 visually tells us that the importance of several factors is as follows in sequence: light intensity> DO> reaction time> pH. Light intensity and dissolved oxygen are the main factors that affect the UV/TiO 2 photocatalytic removal efficiency of organic matter in filtered water.
With the increase of light intensity, the more photons can reach the surface of catalyst, the more strong oxidizing free radicals will be generated, the stronger oxidation capacity of organic matter will get.
Dissolved oxygen is easily to absorb on the surface of TiO 2 and act as a good electron acceptor to promote the formation of O 2 -·, O 2 2as well as other active radicals, which can greatly inhibit the recombination of holes and electrons on TiO 2 particle surface, so the charge can be separated effectively to promote the generation of • OH. In addition, O 2 -• can further form H 2 O 2 and enhance oxidative capacity; on the other hand, infusion of air can accelerate the adsorption and desorption of the reaction substances on the surface of TiO 2 film and thereby enhanced the oxidation removal effect. Schwarz et. al. [10] observe that • OH formation rate is significantly related to the pressure of O 2 by EPR (Electron Paramagnetic Resonance) , this prove that O 2 can act as an electron acceptor and can effectively prevent the recombination of electrons and holes .
Prolonging the reaction time is conductive to improving the removal efficiency, but it is also found that the removal efficiency increase obviously with the prolonging of time within 30-60min, the increasing rate trend to slow down after 60min, this is mainly because the photocatalytic process usually performs as a first-order reaction and its reaction rate is proportional to organic substrate concentration, that is, the reaction rate reduces with the prolong of time and decrease of organic substrate concentration. pH lower that 7 will result in the decrease of oxidative effects, while pH higher than 7 will result in the slight increase of oxidative capacity. Moreover, it is found that pH value of the filtered water declines slightly with the prolonging of the reaction time, on one hand, the OHthat adsorbs on the catalyst surface can be activated and form • OH during photocatalytic process, this will decrease OHconcentration and lowered pH value. Therefore, higher pH is conductive to increasing the yield of • OH to some extent and improve oxidation effect; on the other hand, completely oxidation products CO 2 and incomplete intermediate oxidation products organic acids will dissolved into water, this will induce a slight decline of pH value, thus, higher pH value may also act as buffer in water during photocatalytic process to prevent fast decreasing of pH.
3) Additional test on the influencing factors of UV/TiO 2 on the removal of organics: it can be seen from the orthogonal test results that the group-6 test (light intensity = 3.3 mw/cm 2 , DO = 7.21 mg/L, time = 60min, pH = 5) reaches the highest TOC removal rate--53.2%. Because pH has a relatively unimportant effect on organic removal efficiency , in addition, pH of filtered water is about 7 and it is unlikely to regulate pH of drinking water in production practice. Therefore, additional test is conducted by improving the level of light intensity, DO and reaction time. the measured pH value of filtered water is 7.13, light intensity is increased to 4.2 mw/cm 2 , dissolved oxygen reache 7.48 mg/L under the aeration amount of 200L/h, reaction time is extended to 3h. The results show that TOC has declined from 1.826 mg/L to 0.665mg/L and the corrsponding removal efficiency reaches 63.58%. Therefore, it can be seen that increase of light intensity DO, reaction time within a certain range can improve the oxidation effect, but a further increase of the level of influencing factors can only increase removal efficiency slightly. Some studies have shown that under lower radiation flux condition, the reaction rate r is linearly dependent to the radiation flux ; under moderate radiation flux condition, r is linearly dependent to 1/2 ; under high radiation flux condition, r is irrelevant with [11] . As the surface of the TiO 2 thin film is limited, high light intensity will lead to lower efficiency of photons, which is not economic; the increase of dissolved oxygen can increase energy consumption; long reaction time will increase the volume of treatment facitilty and increase the project costs. Therefore, from the point of engineering application cost, it is suggested that various influencing factors should be reasonably controlled, and the light intensity should be controlled in 2-3 mw/cm 2 , while reaction time is 2-3h.
Transformation of organic matter in the process of UV/TiO2 photocatalysis
Control the light intensity in the reactor to be 2.5mw/cm 2 during photocatalytic treatment of filtered water, take water samples when the react time are 1 min 60 min 90 min 120min respectively. Measure spectral scan characters of the water sample between wavelengths from 190 to 450nm.The results are shown in Figure 3 . It can be seen that the filtered water show an apparent absorption characteristics within the range of 190-240nm, this indicate that double-bond olefin compounds exists in water; In addition, there is an obvious absorption characteristics within the range of 250-320nm, this indicate that conjugated system organic exists in water. Experiment shows that the absorbance of the two intervals decreases significantly in photocatalytic process, which indicates that the photocatalytic process has a good removal effect on those types of organic matters, for example, UV 254 decrease 82.14% within 2h. Such kinds of substances in water are mainly human substances as well as organic matters with unsaturated structure; they usually have high chlorine reactivity and also regarded as the main precursors of disinfection by-products--THMs, this indicate that photocatalysis has a sound removal effect on disinfection by-products precursors.
A further comparison between removal efficiency of TOC and UV 254 in the photocatalytic process can be found that the former is much lower than the latter under the same conditions, this indicate that except for the mineralization role in the photocatalytic process, some organic matters also significantly transform from unsaturated structure into saturated structure.
SUVA value can obviously indicate the unsaturation degree of dissolved organic matter. Changes of SUVA in the above photocatalytic process are shown in Figure 5 . It can be seen that the SUVA value decreases rapidly in UV/TiO 2 photocatalytic process, this indicate that the saturation of organic matters in the photocatalytic process increase greatly, its effects on water quality are reflected in two aspects, on the one hand, organic matter with saturated structure does not have UV absorption character but are easily biodegradable, that is, UV/TiO 2 photocatalytic process increase the bioavailability of organic matters; on the other hand, existing studies show that unsaturated aromatic compounds in water are highly chlorine reactive, they are main precursors of disinfection by-products, UV/TiO 2 photocatalytic reaction can eliminate its reactivity and improve chemical safety of drinking water.
Conclusions
The research on glass supported nano-TiO 2 dioxide UV/TiO 2 photocatalysis on filtered water of S waterworks which take Yangtze River as raw water shows that:
(1) The glass supported nano-TiO 2 photocatalysis has a good removal effect on trace organic pollutants in drinking water; it can greatly improve the chemical safety of drinking water. Organic matter removal efficiency is positively correlated to the amount of • OH generated in the process.
(2) Orthogonal tests on influencing factors show that the importance of several factors is as follows in sequence: light intensity> DO> reaction time> pH. As the electron acceptor, DO have an obvious impact on the improvement of catalytic oxidation performance in the photocatalytic process. Enhancing the level of each factors is conductive to improve the removal efficiency, however, from the perspective of engineering application cost, it is propose that the light intensity should be controlled in 2-3 mw/cm 2 , and the reaction time should be controlled within 2-3h or less.
(3) UV/TiO 2 photocatalysis has a good removal effect on double-bond olefin compounds and the organic compound with conjugated system. Its removal efficiency on UV 254 is higher than the removal efficiency of TOC; meanwhile, changes of SUVA value reflect that the saturation of organic matter increases significantly, this is conductive to help us control the risk of disinfection by-products as well as improving drinking water safety.
(4) It can be seen from the study that UV/TiO 2 photocatalytic treatment of drinking water show good effect in controlling the organic pollutants in water and improving the safety of drinking water. The relevant mechanisms need further study in order to promote the application of this technology in drinking water treatment.
